cans posterior (AComP) which links a. carotis interna (ACI) to ACP and a basilaris in anterior middle part. ACIs, ACAs, AComA and their branches are defined as "anterior circulation/carotis system", ACPs, AComPs, a.vertebralis and a. basilaris are defined as "posterior circulation/vertebrobasilar system" (22).
the polygon, studies regarding the whole of circle are relatively sparse. In addition, no studies are available in the literature investigating the circle of Willis within the adult Turkish population. The aim of this study was to determine structural characteristics of the circle of Willis in order to detect its variations and measure the diameter and length of the arteries that contribute to this structure in cadavers in the Turkish population.
█ mATERIAl and mEThODS
This study was carried out on 100 adult fresh cadavers at Izmir Forensic Medicine Institution with the permission of the Presidency of the Scientific Board of Council of Forensic Medicine (Approval number: B.03.1.ATK.0.01.00.08/142). The study group consisted of 19 females (19%) and 81 males (81%), and the mean age was 55.33 years (range . The study group consisted of 65 adults (16-64 years) and 35 elderly people (65-95 years). Central nervous system diseases were excluded from the study. After being dissected with the microsurgery technique, the diameter and length of the arteries that constituted the circle of Willis were measured using a caliper (BTs Digital Calippar 150x0.01 mm) with sensitivity of 0.1 mm and and photographed with a digital camera (sony, 7.2 megapixels).
The following parameters were evaluated. The parameters of rows 3-13 are schematized in 
█ RESUlTS
All of the arteries forming the circle of Willis were found in 91 samples (91%). Typical (complete-normal) polygonal structures included all the arteries forming the circle but hypoplas- 
A B
be the most common in AComA following AComP. The most common multiple variation is the coexistence of AComA and AComP hypoplasia which was found in 16 samples (16%) (Figure 4 ).
When results were evaluated according to age groups, although it is not a balanced number of samples with only AComA and AcomP, hypoplasia was found to be statistically higher among the elderly group (p<0.05).
Diameter and length measurements along with mean values and ranges of the arteries are presented in Table V .
In values presenting bilateral measurement; the difference between right and left was found only in A1 length. The right A1 was found to be significantly longer than the left. Anterior-Posterior - tic arteries were not evaluated as they were noted in just 8 samples (8%) ( Table I ).
An atypical circle of Willis (incomplete-abnormal) which included aplastic arteries was found in 9 samples (aplasia in 2 anterior, 7 posterior system) (9%) ( Table I ).
According to the relationship between AComP and P1 diamaters, adult configuration was detected in 87 samples (87%) (Figure 2 ). Fetal configuration was detected in 9 (9%) and transitional configuration was detected in 4(4%) (Table II) ( Figure  3 ).
Variations of anterior and posterior parts of the circle of Willis are summarized in Tables III, IV . Variations were found more in the posterior section. Hypoplasia is the most common variation and was found to be most common in AComP (85%). Aplasia is the second leading variation and was also detected in AComP (5%). AComA hypoplasia is the most common variation seen in anterior part (20%). Hypoplasia was found to weeks of gestation (24) . It was reported that all segments of the circle are thin and with the same diameter in a 4 month fetus, while differences are seen in segment diameters in fetuses older than 4 months (17, 19, 24) . Variations may develop out of normal polygon structure. When and why these variations develop is not clear. Causes of variations in the circle of Willis, when they developed and why they are present in fetal life have been studied by various study groups (5, 17, 23) .
Comments available report that they are present in fetal life (5, 18, 19, 28) or develop after birth (13, 17) .
Padget divided the circle of Willis into three configurations according to the diameters of AComP and ACP (24) . Adult configuration; diamater of AComP smaller than P1. Padget, reported this configuration as less than 50%. Fetal configuration, with a diameter of AComP larger than P1 and the main vascularization of the occipital lobe are provided by ACI. Transitional configuration, with a diameter of AComP is the same as P1.
Adult configuration was noticed among adults in the following studies: Riggs and Rupp, 76%; Kamath, 73.5%; Yasargil, 67.5%; Zeal and Rhoton, 58%; Saeki and Rhoton, 54% (14, 26, 27, 30, 31) . In the present study this configuration was found to be 87%.
Fetal configuration was noticed among adults as follows; Zeal and Rhoton, 40%, Kamath, 25%, Yasargil, 24,5%, Saeki and rhoton, 22%, riggs and rupp, 17%, Alpers and Berry, 15% (1, 14, 26, 27, 30, 31) . In the present study 9% fetal configuration was found.
Transitional configuration was noticed among adults as follows; Yasargil, 8%, Riggs and Rupp, 7%, Zeal and Rhoton, 2%, Kamath, 1.5% (14, 26, 30, 31) . In the present study 4% transitional configuration was found.
Typical polygonal structure, which includes all arteries forming the circle of Willis and hypoplasia not present has been obtained in 8 (8%) samples. Atypical circle including aplasia was found in 9 (2 anterior and 7 posterior systems) (9%) samples. Aplasia was found to be most common in posterior circulation and AComP.
Fawcet and Blachford reported normal polygon in the ratio of 72.8% in their series of 700 autopsies and detected aplasia in the ratio of 3.8% (most common in AComP) (10).
In autopsy studies conducted with normal brains of 350 cases by Alpers et al. (age range between newborn period and 88 years), while normal polygon was found with the ratio of 52%, an atypical polygon ratio was reported as 0.6% due to left AComP aplasia. Hypoplasia was most common in AComP with the ratio of 22% (8% unilateral, 6% bilateral, 8% together with other anomalies). AComA was more than one in 9%, triplication was detected in ACA in 8% cases. Fetal AComP was found to be 15% (5% unilateral, 4% bilateral, 6% combined).
Multiple anomaly was detected in 13% (2).
In the study carried out by Alpers and Berry the normal polygon was found to be 52%. They reported this ratio as 33.91% in the study conducted with 194 cerebral infarction cases due to embolism or thrombus, this ratio was reported as 37% in
Arteria carotis interna
The mean ACI diameter was measured as 3.55±0.65 mm on the right and 3.45±0.64 mm in the left. No variations were detected.
Arteria cerebri Anterior (A1)
A1 length was measured as 14.44±2.32 mm in the right and 13.72±2.12 mm in the left. The right A1 was found to be significantly longer. A1 diameter was measured as 87±0.48 mm in the right and 1.96±0.49 mm in the left. In the right, combined (together with other variations) 2 hypoplasia and 1 aplasia were detected in A1. Variation was not noticed in the left A1.
Arteria communicans anterior
The mean length of AComA was measured as 1.95±0.97 mm, diameter as 1.43±0.60 mm. Twenty (2 single, 18 combined variations) hypoplasia and 1 combined aplasia and 1 duplication were detected. Hypoplasia was detected in 14% of adults, in 31% of the elderly groups.
Arteria communicans posterior
The length of AComP was measured as 15.49±3.18 mm in the right and 15.08 ±3.11 mm in the left. AComP diameter was found to be 0.90±0.39 mm in the right and 0.90±0.36 mm in the left. A total of 85 hypoplasia (8 right, 16 left, 37 bilateral, 24 combined) and 5 aplasia (1 right, 4 combined) were detected in AComP. Hypoplasia was detected among 60% of adults, and 83% of the elderly groups.
Arteria cerebri posterior
ACP (P1) length was measured with a mean 6.09±1.82 mm in the right and 6.04 ±1.54 mm in the left. P1 diameter was measured as 1.91±0.56 mm in the right and 1.96±0.52 mm in the left. P1 hypoplasia was detected 1 bilateral and 1 combined (right). P2 aplasia was detected as 2 combined anomalies (left). ACP (P2) diameter was measured as 1.92±0.51 mm in the right and 1.92±0.48 mm in the left.
Arteria basilaris
Mean a. basilaris diameter was measured as 3.61±0.65 mm. No variations were detected.
█ DISCUSSION
Circulus arteriosus cerebri is in fact not a real circle and is more of a nonagon with 9 borders (3 anterior, 2 anterolateral and 4 posterior) (22) . A complete circle of Willis is composed of 10 arterial parts. A complete circle that does not have hypoplastic arteries is seen in less than half of the cases and the rate is reported in a large range as 4.6-72.2% (2, 3, 4, 8, 11) . The cause of this wide range is considered to be differences in the definition and hypoplasia criteria, along with the inability to make real measurements in the studies.
Variations of the circle of Willis are more frequent in the posterior part and most common in AComP (1, 19, 22, 26) . Variations have been reported more frequently cerebrovascular diseases, cerebral aneurysm and mental diseases (1, 14, 16, 24, 27) . According to Padget, the circle of Willis is formed at 6-7.
compared to the studies conducted in other races despite the limitation of the study (9) .
The circle of Willis was analysed in 225 autopsy cases aged between 18-73 in De silva et al., conducted among the sri Lankan population (8) . In this study, the circle which had all parts and artery diameters >1 mm was defined as "typical", arteries smaller than 1 mm in diameter were accepted as "hypoplastic". Typical polygon was detected in 14.2% of cases, variation was seen in posterior part in 70% of cases. 13.5% unilateral hypoplasia, 51.5% bilateral hypoplasia was detected in AComP, 3.8% unilateral hypoplasia, 1.6% bilateral hypoplasia was detected in P1, 25% hypoplasia was detected in AComA, 4.1% unilateral hypoplasia was detected in A1 (10). A typical circle of Willis ratio was detected as 52% in the study conducted in UsA (2) and 45.2% in the study conducted in India (15) . The immense difference between results among the sri Lankan and Indian population was considered to be related to genetic, racial, regional, environmental, hemodynamic factors, or a combination of these despite their common origin, and it was stated that the influence of these factors should be investigated. The frequency of stroke in posterior circulation is greater among people from Asian races compared to the west. The cause of this could not be fully explained and the role of anatomic and pathologic properties of cerebral arteries in different races could not be established (8) .
Typical polygon was observed in the ratio of 45.2% in the autopsy study of Kapoor et al, reported with 1000 cases among different ages in India (15) . Cases which included all parts and no variation or hypoplasia were accepted as typical. Variation was found in the ratio of 23.4% in anterior and 31.4% in posterior. A1 aplasia was found to be 0.4%, hypoplasia 1.7% and duplication 2.6%. 1.8% aplasia and 10% duplication was detected in AComA. 10.6% hypoplasia (fetal) was detected in P1, 1% aplasia and 16.7% hypoplasia was detected in AComP. Multiple variations were detected in the brain in the ratio of 7.4% (15).
In the literature, measurements of a normal polygon have been reported as follows: A1 diameter 2.6 mm (0.9-4.0), length 12.7 mm ( (27) . In our study, diameters and lengths of arteries were found to be consistent with the literature and these results were not discussed separately.
All of the arteries forming the circle of Willis polygon were found to be present iat a rate of 91% in the present study. The typical polygonal structure in which all arteries were present but hypoplastic arteries were not observed was found to be 8%. The rate of an atypical circle of Willis with aplasia was 9%. Adult configuration was detected as 87%, fetal as 9% and transitional 4%. In this study AComP hypoplasia was found to be higher compared to the literature, thereby the typical polygon ratio in which hypoplastic arteries were not included was detected as low. The probable reason for the wide range of typical polygon ratio in the literature may be due to differaneurysm cases (1) . The authors reported hypoplastic vessels as the most common anomaly observed in the circle of Willis. Hypoplasia was found to be most common in AComP (22% in normal brains, 38% in brains with infarction and 40% in brains with aneurysm). AComP aplasia was found as 0.6% in normal brains, 1.5% in brains with infarction and 3% in brains with aneurysm. Fetal AComP was found to be 15% in normal brains, 29% in brains with infarction and 22% in brains with aneurysm. In conclusion, AComP hypoplasia, aplasia and fetal AComP were found to be higher among patients with cerebral occlusive disease and aneurysm compared to normal patients. The circle of Willis insufficiency is reported in vasoocclusive diseases, in presence of partial or total occlusion of other arteries in the absence of one AComP. However there is no a clear explanation regarding the role of hypoplasia alone in the development of infarction (1,2).
Wilson et al. showed one A1 hypoplasia in 85% of AComA aneurysms. It was reported that hemodynamic anomaly contributed to aneurysm formation, while a strong correlation was reported between hypoplastic segments and aneurysm (29) .
A typical polygon was detected in 21%, and hypoplasia in 79% in the study by riggs and rupp, which was conducted on 994 adult autopsy series with neural dysfunction (26). Neurologic disorders were associated with an impaired blood flow developing due to hypoplasia. Hypoplasia was detected most commonly in AComP followed by AcomA, while a fetal configuration was detected in 54 cases (5%) (26).
Arteria communicans smaller than 0.5 mm and other arteries smaller than 1 mm were accepted as abnormal in the study of Kamath reported with 100 cadavers in India (14) . The most common anomaly was detected in ACP and AComP. The most common variation in length was detected in AComA and the most common variation in diameter was detected in AComP. Longer and smaller arteries were found in the right half of the polygon. Blood flow was found to be more effective in short thick arteries, while the left hemisphere was explained as being supplied better (14) .
While no difference was noted between males and females, arteries in the left were found to be longer than the right in the study of Orlandini et al. conducted with 100 Italian cadavers (17-84 years) (21). The impaired structure in the circle of Willis was reported as being caused by AComA and AComP (21).
In the study of Eftekhar et al. conducted with 102 male autopsy cases aged between 15-75 years among the Iranian population the circle of Willis was evaluated by measuring with digital photographs and the typical circle of Willis was detected as being in the ratio of 28% (9). Aplasia was not found in A1 and P1 segments, hypoplasia was not found in the left A1, 1% hypoplasia was found in the right A1, 11% hypoplasia and 1% aplasia was found in AComA. In AComP, 16% hypoplasia was detected in the right, 11% hypoplasia was detected in the left and 33% bilateral hypoplasia was detected. In AComP, 4% aplasia was detected in the right, 3% aplasia was detected in the left and bilateral aplasia was detected in 3%. In 27% cases the diameter of P1 was found to be smaller than AComP (fetal). A significant difference was not detected the basal ganglia among patients with hypoplasia or aplasia in the anterior part of the circle of Willis (20) . recovery level of patients in occlusive vascular diseases may be explained with some variations in the circle of Willis. Chuang et al. found that patients with a complete circle of Willis were more likely to have early improvement than the incomplete group in ischemic stroke patients (7) . stroke is one of the most serious cerebrovascular diseases in Turkey, and the frequency of stroke in the posterior circulation is greater among people from Asian races compared to the west. The AComP hypoplasia rate was found to be higher compared to the literature in the adult Turkish population. The reason could be related to racial aspects. Further studies are needed to look into the role of anatomic properties of the circle of Willis and their effect on the frequency of stroke, especially in the posterior circulation, in Turkey.
█ CONClUSION
The variations of the circle of Willis were found to be more common in the posterior circulation, which is consistent with the literature relating to the adult Turkish population. The AComP hypoplasia was found to be more common compared to the literature, where the typical polygon ratio was detected as low. The reasons may be related to racial factors. Further studies are necessary to confirm the influence of genetic, racial, environmental and hemodynamic factors or the combination of these components on the circle of Willis. Apart from studies of the healthy population, the clinical implications of variations of the Willis polygon should be examined through studies of a large number of patients with cerebrovascular disorders.
